INTRODUCTION
============

There are around 600 million people worldwide aged 60 years and over; this figure will double by 2025 and reach virtually two billion by 2050 to represent 22 percent of the world's population \[[@B1]\]. Chronic diseases with multiple etiologies, such as cancer, cardiovascular disease, respiratory disease, diabetes, and oral infection are thought to be more prevalent in this age group, as the elderly become more susceptible to these diseases that may be potentiated by less competent immune systems. It is generally accepted that immune function is less effective in elderly people than in young people, probably due to decreased macrophage and T-cell activity, decreased amount of complement, and insufficient antibody production and response \[[@B6]\]. These changes are associated with increased susceptibility to infection, malignancy, and autoimmune disorders \[[@B7]\] .It has become clear that poor oral health can increase the risk of systemic disease, and vice versa \[[@B2][@B3][@B4][@B5]\]. However, the role of immune function in the multi-factorial natural history of chronic periodontitis in geriatric patients has not yet been elucidated.

It has been suggested that immune function in periodontal disease is like a "double-edged sword," fighting pathogens as well as eliciting tissue damage in the host. Both cell-mediated and humoral immune responses against periodontal pathogens are well documented \[[@B8],[@B9]\]. In fighting periodontal infections, pathogen-specific antibodies reduce or inhibit bacterial colonization, proliferation, and spread. However, antibody titers vary greatly between patients and vary before and after therapy \[[@B10],[@B11]\]. When antibody-mediated protection is not sufficient to eliminate periodontal pathogens, periodontal destruction can occur \[[@B12]\]. In some cases, antibody titers may reflect previous exposure of the host to periodontal pathogens; a high titer could either indicate a positive immune response by the patient or reflect an inability of the immune system to destroy the pathogen \[[@B13]\]. Elevated serum IgG antibody to periodontal pathogens may indicate destructive periodontal disease, and may be a risk factor for disease progression \[[@B12],[@B14]\]. On the other hand, animal and clinical studies have shown that serum antibody titers do not always correlate with the clinical stages of periodontitis \[[@B9]\].

Immuno-inflammatory responses to dental plaque biofilms may lead to periodontal destruction \[[@B8]\]. Although aging is associated with greater susceptibility to infectious disease \[[@B7]\], little information is available on the immune responses to periodontal pathogens involved in chronic periodontitis in geriatric patients. The purpose of this study was to evaluate humoral immune responses to important periodontal pathogens in geriatric patients.

MATERIALS AND METHODS
=====================

Subjects
--------

The protocol of this study was approved by the Institutional Review Board (approval number: \#1-2008-05-226), Chonnam National University Hospital, Gwangju, Korea. The study population included 85 geriatric subjects (37 males and 48 females) aged 60-82 years, who were residents of Gwangju and recruited for a public health survey performed jointly by Chonnam National University Colleges of Medicine and Dentistry, Gwangju, Korea. Subjects who had been exposed to antibiotics in the past four months or had a chronic inflammatory or immune disorder were excluded from participating in this survey. Each subject received a standard periodontal examination by a periodontist and was assigned to one of three groups based upon the severity of periodontitis according to previously published criteria \[[@B15]\]. These groups were (1) mild chronic periodontitis (MCP, n=29, mean age 64.1 years, range 60-70 years) with a clinical attachment loss (CAL) of less than 3 mm; (2) moderate chronic periodontitis (MoCP, n=27, mean age 67.6 years, range 60.8-83 years) with a CAL of 3-5 mm; and (3) severe chronic periodontitis (SCP, n=29, mean age 68.5 years, range 60.9-82 years) with a CAL of more than 5 mm.

Serum collection
----------------

Serum samples were provided by the Department of Pathology, Chonnam National University Medical School, Gwangju, Korea. Serum samples were collected from chronic periodontitis patients during a public health survey performed under an approved protocol (\#1-2008-05-226). Blood was drawn by antecubital vein puncture and was allowed to coagulate for 30 minutes at 37°C. Serum was separated by centrifugation at 2000 *g* for 10 minutes at 4°C, then aliquoted in 1 mL and stored at -20°C until use.

Bacterial strains and growth
----------------------------

*A. actinomycetemcomitans* ATCC 33384 was cultured in 3% tryptic soy broth (BD Biosciences, San Jose, CA, USA) containing 1 mg/mL yeast extract (BD Biosciences) and 10% horse serum (Hyclone, Seoul, Korea). *P. gingivalis* ATCC 33277 was cultured in Brucella broth (BD Biosciences) containing 1 mg/mL yeast extract (Sigma, USA), 5 μg/mL hemin (Sigma-Aldrich, St. Louis, MO, USA) and 1 μg/mL menadione (Sigma-Aldrich, St. Louis, MO, USA). *F. nucleatum* ATCC 10953 and *P. intermedia* ATCC 25611 were cultured in Brucella broth containing yeast extract (1mg/mL), haemin (10 μg/mL), and menadione (5 μg/mL) (Sigma-Aldrich). *T. denticola* ATCC 35405 was cultured in TYGVS medium containing tryptone (10 mg/mL), brain heart infusion broth (5 mg/mL), yeast extract (10 mg/mL), gelatin (10 mg/mL), (NH4)~2~SO4 (0.5 mg/mL), MgSO~4~ (0.1 mg/mL), K~2~HPO4 (1.13 mg/mL), KH~2~PO4 (0.9 mg/mL), NaCl (1 mg/mL), glucose (1 mg/mL), cysteine hydrochloride (1 mg/mL), thiamine pyrophosphate (12.5 μg/mL), sodium pyruvate (0.25 mg/mL), 0.027% acetic acid, 0.01% propionic acid, 0.0064% n-butyric acid, 0.0016% n-valeric acid, 0.0016% isobutyric acid, 0.0016% isovaleric acid, 0.0016% DL-2-methylbutyric acid, and 10% heat-inactivated rabbit serum at 37°C in anaerobic conditions (85% N~2~, 10% H~2~, 5% CO~2~) for 48 h. *T. forsythia* 43037 (American Type Culture Collection, Manassas, VA) was grown anaerobically on 2% (w/v) tryptic soy agar (BD Sciences) supplemented with 0.4% (w/v) yeast extract (BD Biosciences), 0.4% (w/v) phytone (BD Biosciences), 0.001% (w/v) *N*-acetylmuramic acid (Sigma-Aldrich), 5 μg/mL hemin (Sigma-Aldrich), 1 μg/mL menadione (Sigma-Aldrich), and 5% (v/v) defibrinated sheep blood. Each strain was cultured twice prior to experiments.

Protein extraction from bacterial cells
---------------------------------------

SMART^TM^ bacterial protein extraction solution was used to prepare the bacterial cell lysate (iNtRON Biotechnology, Gyeonggi-do, Korea). Briefly, bacterial cells were grown and adjusted to concentration at OD~600~ = 1.5-3.0, then washed 3X with phosphate buffered saline (PBS), and subsequently harvested at 13,000 rpm for 5 minutes at 4°C. Bacterial cell pellets were vortexed vigorously and resuspended in 350 µL of SMART^TM^ solution. Evenly resuspended solutions were centrifuged at 13,000 rpm for 5 minutes in 4°C to separate insoluble proteins. The supernatant containing the soluble protein was transferred to a clean tube. A QuantiPro BCA assay kit was used to measure the protein concentration (Sigma-Aldrich).

Measurement of serum IgG antibody levels by ELISA
-------------------------------------------------

Bacterial cell lysates were added to each well (100 ng/well) in a polystyrene microtiter plate, and the plates were incubated overnight at room temperature. The plates were then washed 2X with Tris-buffered saline with 2% Tween (TBS-T), and then 250 µL of 2% skim milk solution was added and incubated for 1 hour at 37°C. After washing with TBS-T (2X), patient sera (1:100 dilution) were added to the plates and mixed for 2 hours at 37°C with gentle agitation. The plates were then washed with TBS-T 3X, and rabbit anti-human IgG with conjugated horseradish peroxidase (1:10000 dilution; Abcam, Cambridge, UK) was added. The plates were incubated for 1 h at 37°C then washed with TBST 5X. Subsequently, 50 µL of TMB substrate solution (GenDEPOT, TX, USA) was added for color development; this reaction was stopped after 2 minutes by adding 100 μL of stop solution, and followed by optical density reading at 450 nm using a Versamax ELISA Microplate Reader (Sunnyvale, CA, USA). All samples were analyzed in triplicate.

The mean absorbance values from the triplicates were used for analysis. Relative antibody levels were expressed as ELISA units (EU) measured from a standard curve created by assigning a value of 100 EU to a single sample of patient serum. Sample antibody levels were determined from the absorbance value plotted on the standard curve and expressed as EU.

Statistical analysis
--------------------

All statistical analyses were performed using statistical software SPSS version 19.0 (IBM, Armonk, NY, USA). A one-way ANOVA was performed for the normally distributed data, and a non-parametric Kruskal-Wallis test was used to analyze the data that were not distributed normally. In addition, a Mann-Whitney *U* test with Bonferroni correction (α = 0.05/3 = 0.0167) and Tukey post-hoc tests were used for multiple comparisons among the groups.

RESULTS
=======

A total of 85 serum samples were analyzed in this study. Twenty-nine subjects were diagnosed with MCP, 27 subjects with MoCP, and 29 subjects with SCP. Based upon the central limit theorem, it was determined through power analysis that if the sample size was greater than 30, the distribution could be treated as a normal distribution. Initially, 30 subjects were selected for each group. However, experimental data were not obtained from all the samples.

[Table 1](#t1){ref-type="table"} shows the relative amounts of serum IgG to periodontal pathogens measured by ELISA. The IgG antibody responses to *P. gingivalis*, *P. intermedia* and *A. actinomycetemcomitans* were higher than those for *T. denticola*, *F. nucleatum*, and *T. forsythia*. Antibody reactivity to *A. actinomycetemcomitans* was less than that to *P. gingivalis* and *P. intermedia*, but three to four times higher than the antibody reactivity to *T. denticola*, *F. nucleatum*, or *T. forsythia*. Levels of IgG in response to *T. forsythia* and *T. denticola* appeared to be lowest among the six periodontal pathogens tested.

###### Serum IgG titers to six periodontal pathogens, measured by enzyme-linked immunosorbent assay (ELISA).

![](jpis-45-178-i001)

  Pathogen                                  Disease group   Mean     SD       Median   *P*-value
  ----------------------------------------- --------------- -------- -------- -------- -----------
  *Porphyromonas gingivalis*                MCP^a)^         234.53   84.53    242.11   0.065
  MoCP^a)^                                  288.64          108.77   287.00            
  SCP^a)^                                   297.47          99.28    283.09            
  *Tannerella forsythia*                    MCP^a)^         44.87    19.45    40.35    0.057
  MoCP^a)^                                  56.32           29.78    48.96             
  SCP^a)^                                   53.63           19.39    52.55             
  *Treponema* denticola                     MCP^a^          35.27    20.34    30.38    0.1
  MoCP^a)^                                  37.85           17.78    35.75             
  SCP^a)^                                   40.83           14.21    40.71             
  *Fusobacterium* nucleatum                 MCP^a)^         54.22    15.16    51.69    0.001
  MoCP ^a),b)^                              58.99           25.57    55.74             
  SCP ^b^                                   76.54           26.26    74.99             
  *Aggregatibacter actinomycetemcomitans*   MCP^a)^         217.74   56.13    234.33   0.003
  MoCP ^a),b)^                              177.4           87.07    167.46            
  SCP ^b^                                   153.13          68.87    139.43            
  *Prevotella intermedia*                   MCP^a)^         269.12   11.42    245.76   0.167
  MoCP^a)^                                  219.47          86.65    208.75            
  SCP^a)^                                   249.32          92.18    236.48            

SD, standard deviation; MCP, mild chronic periodontitis (n=29); MoCP, moderate chronic periodontitis (n=27); SCP, severe chronic periodontitis (n=29)

Different letters (a, b) indicate a significant difference between two groups and identical letters (a, a) indicate that there is no difference between two groups.

When IgG levels were compared among three different disease groups, there were no significant differences among the groups with respect to *P. gingivalis* (*P*=0.065), *T. forsythia* (*P*= 0.057), *T. denticola* (*P*=0.1), and *P. intermedia* (*P*=0.167), although the values tended to be higher in the patients with SCP than in those with MCP or MoCP (with the exception of *P. intermedia*). The only significant differences among disease groups were for IgG to *F. nucleatum* (*P*=0.001) and *A. actinomycetemcomitans* (*P*=0.03). Interestingly, IgG levels for *A. actinomycetemcomitans* and *P. intermedia* were higher in patients with MCP than in those with MoCP or SCP. In addition, there were significant differences in IgG levels between MCP and SCP only in the responses to these two pathogens. IgG levels for *F. nucleatum* were increased in SCP compared to MCP, and IgG levels for *A. actinomycetemcomitans* were highest in patients with MCP, followed in decreasing order by MoCP and SCP.

DISCUSSION
==========

The primary role of the immune response is to protect the host from attacks by pathogens; however, interaction between dental plaque biofilms and the host may result in the signs and symptoms of periodontal disease. The immune response is also thought to play a significant role in the initiation and progression of chronic periodontitis by causing tissue damage, yet data regarding this response in the geriatric population with chronic periodontitis have been lacking.

The purpose of this study was to assess humoral immune (IgG) responses to periodontal pathogens in elderly patients with chronic periodontitis in an effort to better understand immune function in this group. Serum samples were obtained from the same geriatric patients used in our previous microbiological study \[[@B16]\], and here we analyzed IgG antibody levels in response to six periodontal pathogens.

The results of the present study indicate that serum IgG antibody levels to *P. gingivalis*, *T. forsythia*, *T. denticola,* and *F. nucleatum* in patients with SCP were higher than in those with MCP. Our previous study showed that the amount of these bacteria increased as the severity of the disease increased from MCP to SCP, and that the presence of these bacteria in the saliva was associated with the severity of periodontal disease in geriatric patients \[[@B16]\]. Considering the fact that IgG levels may reflect a host's previous exposure to periodontal pathogens \[[@B8]\], the present results suggest that increased IgG levels reflect the current disease status of chronic periodontitis.

Elderly subjects responded with a normal IgG immune response to *P. gingivalis*, and IgG levels were higher in the group with periodontal disease than in a control group of elderly subjects without periodontal disease \[[@B17]\]. Elderly subjects have been shown to exhibit the same effective immune response to *P. gingivalis* as younger subjects \[[@B18]\], and the present results support these findings, since the amount of bacteria increased to a greater extent, as did IgG levels, in the group with more advanced disease (SCP) than in those with MCP.

In contrast, serum IgG levels to *T. forsythia*, *T. denticola* and *F. nucleatum* were very low, suggesting that these three microorganisms are poorly immunogenic, which is consistent with other reports of decreased IgG antibody levels in adults with chronic periodontitis \[[@B19]\]. Another possibility is that immune activity in response to these pathogens is compromised, and that this contributes to the progression of periodontal disease in the elderly.

In the present study, the levels of serum IgG to *P. gingivalis, A. actinomycetemcomitans* and *P*. *intermedia* increased in periodontitis patients; however, these elevated levels did not coincide with the severity of periodontal disease. Other clinical and animal studies also showed that serum IgG titers might not correlate well with the clinical stages of periodontal disease \[[@B8],[@B20],[@B21]\].

The only significant increase in IgG levels in SCP compared to MCP was in the case of *F. nucleatum*. This might point to a role for anti-*F. nucleatum* IgG as an indicator of the status of periodontal disease in geriatric patients. However, levels of IgG to *F. nucleatum* were three- to four-fold lower than levels evoked by the other pathogens ([Table 1](#t1){ref-type="table"}), making them less sensitive as a marker of periodontal disease. Moreover, in our previous microbiological study using the same geriatric subjects \[[@B16]\], *F. nucleatum* was the most prevalent bacteria found in the saliva. Therefore, IgG levels to *F. nucleatum* might not truly represent the amount of bacteria present in geriatric patients. For these reasons, IgG levels to *F. nucleatum* may not be suitable as a marker of periodontal disease in geriatric patients.

IgG levels to *A. actinomycetemcomitans* were highest in patients with MCP, followed in decreasing order by levels in patients with MoCP or SCP. In our previous microbiological study, there was no difference in the levels of *A*. *actinomycetemcomitans* bacteria among the different disease groups \[[@B16]\]. Although the reason for this inverse relationship between IgG levels and disease severity is not clear, decreased IgG responses might lead to more severe disease if *A*. *actinomycetemcomitans* was associated with the progression of chronic periodontitis. A similar pattern was identified for *P. intermedia*, in which IgG levels were highest in the patients with MCP, followed by those with SCP and MoCP. Microbiological data indicated that there was no difference in *P. intermedia* among the different disease groups \[[@B16]\]. These data suggest that inadequate IgG responses lead to more periodontal destruction associated with *A*. *actinomycetemcomitans* and *P. intermedia*.

It is very difficult to predict the progression of periodontal disease, since it undergoes periods of quiescence and active exacerbation \[[@B22],[@B23]\]. Although we do not have reliable disease markers that allow us to identify when significant periodontal destruction might occur, it has been suggested that antibodies against specific periodontal pathogens could be used as disease markers for periodontal disease, because they may reflect the presence of a larger quantity of the pathogens associated with periodontal disease.

The results of the present study suggest that IgG levels to the so-called 'red complex bacteria', a group that comprises *P. gingivalis*, *T. forsythia* and *T. denticola*, may not be used to evaluate the progression of periodontal disease in the elderly, because they were not significantly different among the disease groups. However, it has been suggested previously that elevated serum IgG antibody to *P. gingivalis* reflects destructive periodontal disease status and may be considered a risk factor for disease progression \[[@B14]\]. In addition, high *P. gingivalis* antibody titers were consistently associated with periodontal disease status in a study in US adults older than 40 years \[[@B24]\]. A recent study has shown that measurement of serum IgG antibodies to *P. gingivalis* may be a useful tool for the surveillance of periodontal disease in community-based Japanese elderly people \[[@B25]\].

In addition to its possible diagnostic role in periodontal disease, IgG may provide additional information regarding systemic diseases such as cardiovascular disease, respiratory disease, kidney disease, adverse pregnancy outcomes, and even certain types of cancer, because evidence of an epidemiological relationship between periodontal and systemic disease has strengthened in the past 10 to 15 years. [Beck and colleagues]{.ul}\[[@B26]\] demonstrated that systemic antibody responses against multiple periodontal organisms including *P. gingivalis* were associated with coronary heart disease (CHD), while clinical signs of periodontal disease were not. This suggests that measuring IgG levels may provide more accurate information in predicting the risk of CHD. Iwasaki and colleagues \[[@B27]\] observed a significant association between elevated serum antibody titer to *P. gingivalis* and decreased kidney function in a community-based cohort of elderly Japanese. Recently, it was reported that high levels of antibodies against *P. gingivalis* conferred a twofold higher risk of pancreatic cancer than lower levels of these antibodies \[[@B28]\]. Collectively, these findings suggest that IgG levels to *P. gingivalis* might be a useful marker for several systemic diseases, as well as periodontal disease, especially in geriatric patients.

In summary, the levels of serum IgG to *P. gingivalis, A. actinomycetemcomitans* and *P. intermedia* were higher in all periodontal disease groups than those to *T. forsythia, T. denticola* and *F. nucleatum. T. forsythia, T. denticola* and *F. nucleatum* proved to be poorly immunogenic, suggesting that compromised serum IgG antibody activity against these pathogens may increase the risk for periodontal disease progression in geriatric patients. IgG antibody levels to *F. nucleatum* increased with the severity of periodontal disease, although the overall quantity of IgG was not as high as in the case of *P. gingivalis*, *A. actimomycetemcomitans*, and *P. intermedia*. IgG levels to *A. actimomycetemcomitans* were highest in patients with MCP, followed in decreasing order by those in MoCP and SCP.
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